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" BACKGROUND OF THE I NVENTION Field of the Invention The present invention
relates to a packet transm ssion control apparatus, a nobile node, a
control node, a packet comunication nethod, and a packet comunication
System Rel ated Background Art Conventionally, a packet communication has
been put into practical use in which a packet is transmtted from a source
node to a destination node through a plurality of routers.. Anong the
pluralityTdfLEoOFeFHEcINVENAEGONN a pat hway between the nodes, there may be
a router having an unresolved nedia access control (MAC) address of a
router to whi CRACKBT fERANSMESRIQE SONTROLt ARPARATUSHAMOBILEONEGDEs to be
routed (forwarded)-. Therouter having the unresol vedMAC address is a router
anong t he COMNIROLs NODELUQRAGKETh COMMENKEATI NS METHOE; ANRNBACKERd to the
destination node, and this router does not hold a MAC address of a

successi vEMMDIMNITATION i[SYSTEM of the packet. The router having the

unresol ved-MAC address for the successive routing destination (which wll
be tent at iBAIKGROUBNTIE QR C'HE IAEENTEON out er A") needs to recognize the MAC 1

Field of the Invention

The present inventionrelates to apacket transmission
control apparatus, a mobile node, a control node, a packet

communication method, and a packet communication system.

Related Background Art.

| Conventionally, a packet communication has been put
into practical use in which a lp‘a'c_k_g&t is transmitted from
a source node to a destination node through a plurality of
‘routers. Amoiy the plurality of routers existing on a
pathway between the nodes, there may be a router having an
unresolved media access control (MAC) address ofi a router
to which the packet addressed to the destination node is
to be routed (forwarded) “ -

The routerhavingthe uﬁrésolvedMAC address isa roﬁter |
among the routers through which a packet passes when
transmitted to the destination node, and this router does

, not hold a MAC address of a successive routing destination
of the packet.

The router having the unresolved MAC address for the

. successive routing destination (which will be tentatively

referred to as the “router 'A”) needs to recognize the MAC



address of the router which corresponds to the successive routing

‘destination (which will be tentatively referred to as the "router B")

byt heuseof an address resolution protocol (ARP) In this eventr the router
Abr oadcasts anARP request packet having an internet protocol (IP) address
of the router B to alink to which the router B is connected. The

broadcasted ARP request packet is received by all nodes on the |inkf and
the contents of the ARP request packet are analyzed. of the nodes on the
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the link, and the contents of the ARP request packet are
analyzed. Of the nodes on the link, the router B confirms
that the router B itself is the object of the ARP request,
and transmits to the router A an ARP response packet having
the MAC address of the router B. Upon receipt of this ARP
response, the router A obtains the MAC address of the router
B.

The above-described operations by the router A will
be referred to as the “MAC address resolution”. Meanwhile,
a “time period necéééary for resolving the MAC address” is
a time period consumed from the time point at which the ARP
requestpacket istransmitted 1;y the routerAuntil the router
A receives and analyies the ARP response packet and then
obtains the MAC address of the router B.

If a plurality of packets addressed to the same
transmittee reach the router having the unresolved MAC
address at an interval within the time period necessary for
resolving the MAC addfess (which is normally several

milliseconds), then there is a concern regarding the



followi ng problem Specifically, if the plurality of packets reach the
router highly frequently before the router resolves the MAC address upon
recei pt of the packets addressed to a destination host, the respective
packets are replaced by the subsequent packets because a buffering area is
limted. As a result, the packets except the one that reach the router

| ast may be discarded. Discard of the packets like this may result in an
occurrence of a packet receiving failure by the destination host (a packet

| 0ss). SU%/NEEY OF THE #le\’IVEI\ITI ON The present invention has been made in
consi der at-PortOYef9t RECPSFPBgoi ng problem 1t is an object of the present

invention to praqvide_&packet fransm ssion,contyol ar at us nobi | enode,
acontrol node, SPBSikd aii)’nnﬂ'# gé"tel Biuﬁégﬁgé{,mgé’rﬁf EI?@‘icBﬁﬁuni cation
system which are, capabl e of ertajnl elivering ~ pluralit f packets to
a desti natoorFermdi gl §§W%£?%%%BF£%W%§FFPEV?S}}Eaﬁkgt

transm ssi on control apparatus according to_the péﬁéent iinvention is a

packet tr&PEHESS oHPEBntYFehalrdt USRS hPATkesSaAEFEP Pt idhsRits a
SRR Cee e S e e
tering (taihSURRFAVCREMAGHSH PEREURF & BRPEST bRy Brerets Limdtedacker |
transm SSiZSsn aCJ.penst&lotl ,l %:ﬂg prgizqcr:astsf (e);ccélg'g ril:?lrg gr&ei Egﬁat?;:each the router

last may be discarded. Discard of the packets like this
( : may result in an occurrence of a packet receiving failure
by the destination host (a packet loss) -

SUMMARY OF THE INVENTION

The present invention has been made in consideration
of the foregoing problem. It is an object of the present
iﬁvenfion toprovide apacket transmission control apparatus,
amobilenode, a control node, apécket communicationmethod,
and a packet communication system, which are capable of
certainlydeliveringapluralityofpacketstoadestination.

To address the problem explained earlier, a packet
transmission control apparatﬁs according to the present
invention is a packet transmission control apparatus which
sequentially transmits a plurality of packets addressed to
adestinationnode (includingvariousrouters) ataninterval
within a first time period. Here, the packet transmission
control apparatus includes: packet accumulating means for
buffering (temporarily retaining) the pluralityof packets;

and packet transmission controliiﬁg means for transmitting



to the destination node a front packet included in the plurality of packets
buffered in the packet accumulating neans and for transmtting the
remai ni ng packet (a packet or packets other than the front packet) included
inthe plurality of packets to the destination node after the |apse of a
second time period starting froma tinme point when the front packet was
transmtted. A packet comruni cation nethod according to the present
invention is a packet comuni cation nethod for allowing a packet

transm ssion control apparatus to sequentiall transmt a plurality of
packet s addr et ddest inafeken naedena Abeetapaghetnieckudedi £Ri fhg first tinme

period. Here, the nethod includes: a front packet transmitting step which
al | ows t herlpaeadett ¥ ofh Pricksitenbudherel ippehatRackes @cdWMlating t he
destination node, a front packet included in the plurality of packets
buf f ered imeeelesd Fosuknrpsnhgtiparihe repginivgvpagheht (pFa&etransmitting
step which allows the packet transm ssion control :apparatus to transmt the
renmai ni ng packackehe| oiderr i Bhametlpe WFzOnt pagkefc kiatsluded tife st i nati on
node after the | apse of a second tine Eerioq starting froma tine point
when the fpbarabitxed peckets dosthe degtinathenmosie apeekéhetkanssr tting
step. According to these aspects of the invention, when it is assuned that
t he plural pfya secopdckine naiiast startbng Herom astinamamthvhendie
sequentially transnmtted at the interval within the first tine period, the
front packé&ronficragketi washtrapsmékbedpl urality of packets is firstly
Apacket communicationmethod according to the present

invention is a packet communication method for allowing a

packet transmission control apparatus to sequentially

transmit a plurality of packets addressed to a destination

node at an interval within a first time period. Here, the

méthod includes: a front packet transmitting'step which

allows thepacket transmissioncontrol apparatus totransmit,

to the destination node, a front packet included in the

plurality of packets buffered in packet accumulating means;

and a subsequent paciEet transmitting step which allows the

packet transmission control apparatus to transmit the

remaining packet included in the plurality of packets to

the destination node after the lapse of a second time period

starting from a time point when the front packet was

transmitted in the front packet transmitting step.

According to these aspects of the invention, when it
is assumed that the plurality of packets addressed to the

destination node are sequentially transmitted at the’

interval within the first time period, the front packet



transmtted to the destination node, and the remai ning packet is
"transmtted to the destination node after the |apse of the second tine
period starting fromthe tine point when the front packet was transmtted.
In this way, it is possible to suppress buf f ering of plerityof packets by
t he node which receives the frontpacket addressed to the destination node
before the node resolves the MAC address. In other words, the remaining

packet is, received by the de af .ter .resol ution ocessiphg of the M&C
addr ess bé’é‘%ﬁugﬁgt He ﬁ‘%ﬁi‘u RLu YePgdPa‘l"hg%‘ﬁf ?J?e#l]g?ﬁeyrespect ive
ackets are not .repl.aced by the supsequent kets or discarded instead
ltoher eof . &gagsmégggg,top%&é?sty&gﬁgngpger @HE&E’(? TERATHRDRRRES t r ansmi ssi on
control apparatus,can certainly deliyer the plurality o ackets to the
transmi ttég.tFﬁnﬁﬂéFﬁﬁek@? ttieaf??ﬁitégi%ﬁ%oﬂ?‘?gla E)%‘ér‘é}%gagﬁ&% ding to the

Per od nedbes8PFongr HAAREEL P, vt bythoETHE T ke PHEE VREN by the
packet transm ssion control apparatuy to resolve a MAC address of a
routing d &R PG WB&CEE??‘SW R&-packet conmmuni cation met hod
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addressed to the destination node before the node resolves
the MAC address. In other words, the remaining packet is
received by the node after resolution processing of the MAC
address based on the front packet is completed. | Therefore,
the respective packets are not replaced by the subsequent
packets or discarded instead thereof. As a result, packet
losses are reduced and the packet transmission control
apparatus can certainly deliver the plurality of packets
~to the transmittee.
In the packet trans_mission control apparatus
according to the presént invention, it is preferable that
the first time period is a time period necessary for a node
for relaying the packet transmitted by the packet
transmission control apparatus, to resolve a MAC address
of a routing destination of the packei:.’
In the packet communication method according to the
present invention, it is preferable that the first time

period is a time period necessary for a node for relaying

the packet transmitted by the pa‘cket( transmission control



of the packet. The first time period is equivalent to the time period
necessary for the node for relaying the packet transmtted by the packet
transm ssion control apparatus, to resolve the MAC address of the routing
destination of the packet (such a tinme period will be referred to as the
"address resolution tinme period') For exanple, the first tine periodis
equi valent to a tine period necessary for an apparatus, which is connected
directly to the packet transm ssion control apparatus as a subsequent node,

to resol v Aot 8Se v & WaCessd e deda thating deBeihauibAg
destination of the packet. Replacenent of the packet by the subsequent

packet cogstifdliiSsciadt ] npedi ment to certain transm ssion of the packet
which is the object of the present invention. Occurrence of such

replacenent is ajfd EbpsaRligd SeAlodSRCEqui vt B6 1HbeeRUpRIriBACKet catches
up with the precedent packet” while the MAC address of the routing

desti nat | Ofcgéssal RieERUAAO el By 1ty AR Baekethirtndilt raubsequent

packet catches up With the precedent pac he case when a transm ssion

interval ofyt SSREA! It REeKRST Sohkebl CapphPatus Ner iy cribed
addr ess reéglgl??on time peri od@lAgcgpd?ngl y,pgy gdo%f ierﬁg thezggcszket

transm ssi gReCARE" Sdrd£€ WY e HoultingPueseRhat I¥ANSE OFhO PakKet t he

above-descri bed case, It is possible to achieve efficient "6 packet

transm ssi QBuphi hetifdUpbPlobCdYNlaBE +6FBrPEAPES as the “address
resolution time period”). For example, the first time
period is equivalent to a time period necessary for an
apparatus, which is connected directly to the packet
transmission control apparatus as a subsequent node, to
resolve aMAC address of a successive node that is the routing
~ destination Qﬁ.thé packet. | . ’ 
- Reﬁlacemeht‘of the packet by ﬁhé Subséqﬁéht packet
constitutes an impediment to certain transmission of the
packet which is the object of the present invention.
Occurrence of such rc.;.‘vgala;cement is attributable to an aspect
that the subsequent packét'catches up with the precedeht
packet while the MAC address 6-f the routing destination of
the precedent packet is unresolved. Here, the subsequent
packet catches up with the precedent pagket in the case when
atransmissionintervéloftherespectivepacketsisshbrter
than the above-described address resolution time period.
Accordingly, by adopting the/packet transmission'control
technique of the present invention only to the

above-described case, it is possiblé to achieve efficient



associ ated with standby for transm ssion of the subsequent packet. In the
packet transm ssion control apparatus according to the present;invention,

it is nore preferable that the second tinme period is a tine peHod that all
the nodes which are to resolve the MAC address require to resolve the Mac
address. These nodes are anong the nodes which the plurality of packets
transmtted fromthe packet transm ssion control apparatus pass through
before reaching the destination_node. In the packet copmunication method
accor di ng PCkek transmeasion shdlenrefpcinonpedundart tiie al2hS8 he second
time period is a tine period that all the podes which ar to resolve the

MAC addr es35%@ghREed vg the3bandby HODVRER BRI 840N OfL8E anong t he
nodes which the plurality of packets transmtted fromthe ~acket
transni ssiBACKBhtrol apparatus pass through before reaching the destination
node. According to these aspec ts of the inpvention,. the second tine period
is the time peri 58 tHa® aP3Ckel nBERRSHMFIHORS eCORBEOLs FRRATHIMAC addr ess
require to resolve theMAC address., These nodges ,are am)ng %he odes whi ch
the pl ur al REFOEAipIckethe pressntt {BYeRtiohy thd SHBOEEIPFRE#SIRLRi on control
appar at us ass. through before reaching the, destination node, Inthis way,
by the ti m’égﬁ& ﬁPea§eWHq:ﬁ3tl‘l‘?ePreé%ﬁ’ﬂni"-%gapm%tpqrsmdt H‘ﬁ&ﬁ‘ﬁe@? rom the
packet transmi ssion control apopar atus,. 7 all the nodes which are to resolve
t he MAC ad®P whirh ﬁF%G@h’-’es lve the MAC address require to resolve
the Mac address. These nodes are among the nodes which the
plurality of packets transmitted from the packet
transmission control apparatus pass throughbefore reaching
the destination node.

In the packet communication method according to the
present invention, it is more preferable that the second
time period is a time period that all the nodes which are
toresolve theMAC address require to resolve theMAC address.
Thesenodes are among the nodes which thepluralityof packets
transmitted from the packet transmission control apparatus
pass through before reaching the destination node.

According to these aspects of the invention, the second
time period is the time period that all the nodes which are
toresolvetheMACaddressrequiretoresolve theMAC address.
Thesenodes are among the nodes which thepluralityof packets
transmitted from the packet transmission control apparatus
pass through before reaching the destination node. 1In this

way, by the time point at which the remaining packet is

transmitted fromthe packet'tranSmission control apparatus,



whi ch the remai ni ng packet passes bef ore reaching the destination node

wi |l have conpleted the resolution processing of the MAC address. The
front' packet and the remaining packet trace the sanme pathway to reach the
targeted node. However, in this event, the remaining packet never catches
up with the front packet. Therefore, certainty of transmtting the
plurality of packets to a desired destination is enhanced. It is also
possible to construct and utilize a packet comunication_ system which

i ncl udes traellaméod@whmr@g@msqhvgn@m&@F@dﬂ?&ﬂ&wdééﬁauabus, and t he
destination_ node for receiving the plurality of packets transmtted from

t he packet Whisisrthei spnebning| Pagkatatnasses mfeee nbeeching ERanple, a
mobi |l e station such as nobi | e tel ephone) according to the present

i nvention idestipsdillon noedei i1l f have | carplafed fide sweseRU§doRi i access
router to be connected, and an internet protocol (IP) layer for controlling
t o transni tPEPGRIFIAT tof dhepMdkepsdresguenthial fxonty Rackss: iafst itbe node
through the access router at an interval within Af irst tine period. Here,
the |P | ayesmaiingpacketitreee hesanarptbayio peachtheaiget@cket s are
buf f ered in_a disconnection period when the nobile node swtches the
access routkpdee PFeowedetectiadthiwravmnd, theereppinapgrraekeomayedont rol of
transmtting a front packet included in the plurality of packets buff ered

in the buf €abehesap vwhthHee firoakepagketss ThareforeyheerPain¥ 0%l so

.controls transm ssion of the renmining packet included i

transmitting the plurality of packets to 2 desired.
destination is enhanced.

It is also possible to construct and utilize a packet
communication system which includes the above-described
packet transmission control apparatus, and the destination
node for receiving the pluralityof packets transmitted from
the packet transmission control apparatus.

A mobile node (for example, a mobile station such as
a mobile telephone) Iaccordin.g to the present invention is
amobile node including a 1link layer for switching an access
router to be cdnnected, and an internet protocol (IP) layer
for controlling to transmit a élurality of packets
sequentially to adestination node through the access router
at an interval within a first time period. Here, the IP
layer includes abuffer area inwhich the blurality of packets
are buffered in a disconn_ectionperiod when the mobile node
switches the access router to be connected. Moreover, the
IP layer performs control of-transmitting a front packet

included in the plurality of packets buffered in the buffer



the plurality of packets to the switched access router af ter a |apse of a
second tine period starting froma tine point when the front packet was
transmtted. The link layer and the I P | ayer represent definitions of
standard function nodules f or respective |ayers resulted from classifying
communi cation functions expected in respective nodes into a | ayered
structure based on a design rule (such as the open systens interconnection
(Csl)) for a network structure to achi eve comruni cati ons between different

nodes. Apagkel £0MIHAI SdkikeRAELRRM sACGRAMIRY t onbhapr asr draeention is a
packet conmmuni cation nethod for allowing a nobile node to switch an access

router to pon€LHNEC A Hiks ildh BFALREFétd Inild PARELKetai RLULAd I Of packets
to a destination node through the access rout'er at an interval wthin a

First timecperi19fia ife/ &f phlfk BRIV EnENGHdEEd SccésE YfutRaCkBied ransni tting

step of transmtting, to a swtched access router,. a front packet included

n the plugaldgyeQfe paEksha id Bictd do'seackehy MY Rihadpamaps | n a
e noDol

di sconnect | on ‘peri odwhen t e node switches the acce s s router to be

connect ed; ,aB4 @hgu%gﬂgeﬁgcgggk@gst FaPahitteg. step of allowing the nobile
node to transmt the remarning packet included in the plurality of packets

to the swtched tRECESX 18YEe arR thel1R1h§BeG Hred3RCABE i hifBoREr | Od
starting 9 froma tine point when the front packet was transmtted in the

front packelr 4¢angd tthRgt3bARodules for respective layers resulted
from classifying communication functions expected in
respective nodes into a layered structure based on a design
rule (such as the open systems interconnection (0SI)) for
a network structure to achieve communications between
different nodes.
Apacket communication method according to thepresent
- invention is a packet communication method for allowing a
mobile node to switch an access router to be connected and
to sequentially transmit a plurality of packeté to a
destination node th1?ough the access router at an interval
within a. first time period. Here, the method includes: a
front packet transmitting step-'of transmitting, toaswitched
access router, a front packet included in the plurality of
packets buffered in packet accumulating means in a
disconnectionperiodwhenthemobilenodeswitches theaccess
router to be connected; and a subsequent packet transmitting
step of allowing the mobile node to transmit the remaining
packet included in the plurality of packets to the switched

access router after a lapsé of a second time period starting



‘into the buffer area in the di sconnection

The nobile node buffers the packet to be transmtted to the access router

period during a handover for
switching the access router to be connected. These aspects of the invention

is based on the assunption that the nobile node sequentially transmts the
plurality of packets addressed to the destination node through the access

router at the interval within the first - tine period. According to these

aspects of the inventi ont the front packet included int heqol_ural ity of

packets BEPRe &dmeyPeRR 1han Ehgokkernts PRCKEL Y23 AR E®S 4Pt he swi t ched
access router. After a |apse of the second tine period starting fromthe

time poi nth@h&RoRhePRebRt PRI LLINT 15%@Rsni tted, the remmini ng packet is
transmtted to the sw_tched access router. In this way,

_ it As possible to
suppress buf f er Thg Bsb1ils eade RILinrscEhe BACkete tovbe dfedsiddsd

router,
whi ch has received the front packet addressed to the destinati on node.

beyond t h&odrhrecee g reupapilnteyEhsbukkereea dnthadisepneqidan ving t he MAC
address. In other. words, the_remai ning .packet is received by the access
router af RETiossgngingna hardewer P rwikehing Ehgr aSSesBERIRT t he front

packet is conpleted. Therefore, the respective packets are not_  replaced by
the subsediePe paBRected, JFhese aspechspbdihe inveadien L8R¥%edre reduced
and the nobile node can certainly .10 deliver the plurality of packets to
the desti R FRRasFUNPRiOREhAFENERAPIHERA PeaReRt IRl bY ESRASMI Sent | on,
the plurality of packets addressed to the destination node
through the access router at the interval within the first
time period. According to these aspects of the invention,
the front packet included in the plurality of packets
buffered by the mobile node is firstly transmitted to the
switched access router. After a lapse of the second time
..period starting from the time point when the front packet
was transmitted, the remaining packet is transmitted to the
switched access router.
In this way, it is possible to suppress buffering of
plenty of packefs by the switched access router, which has
received the front packet addressed 1}0 the destinationnode,
beyond the processing capability of the access router for
resolving the MAC address. In oﬁher words, the remaining
packet is received by the access router after resolution
processin‘g of the MAC address based on the front packet is
completed. Therefore, the rgspective packets are not

replacedby the subsequent packets ordiscarded. Asaresult,

packet losses are reduced and the indbi_le node can certainly

10



it is preferable that the first tine period is a tine period necessary for
any of the switched access router and a node for relaying the packet
transmtted by the nobile node, to resolve al-&C address of a routing
destination of the packet. In the packet comrunication method according to
the present invention, it is preferable that the first time periodis a
time period necessary for any of the switched access router and a node for

rel aying the ,packet transmtted _by the nobile node, to,resolve a MAC
addr ess 01‘{]3& St thg PLETRLALY| Bh BICKSES R kEre %ﬁtlﬂartéfmt'i me period is
equivalent to the address. resolution, tinme period by

; . he swi tched access
router, concer APiGa RO} HROPAE BRSO i%tgf" H”f?eseﬁ%c%‘fe.ntﬁtﬂn

r exanpl e, the
first tinme, period is equivalent to the tinme eriQdnecessary for ielther the
swi t ched a’c‘}c)é§spﬁﬁﬁ‘-‘é‘rb tRpEthe 51’6%%5@'@@&3%}?‘%615I?%95‘Ft?%“rﬁ)‘ii | e node as
a subsequent node, or a node that ,rell_g%/g t he packet transm’ttgd by the

mobi | e nodReCeRS 3L EPFARY \RICtREIFREECRAD 2CERESTORTeT F3Wea BR8N is the

routi ng destination of the packet. Replacenent of the packet by the
subsequentf%&@@Y%nEJP?tHR@%EtaﬁrPHﬁ’gﬂFF%H?bX G%Ee‘F? }fﬁ f°882nF8si on of the
packet which is the _object of the present inyention. currence of such
repl acenenfefgl‘é?Pr‘%?‘i@?%s§8faﬁ1r‘ag'&é’&? desfip I#@nﬁfb&%Béﬁ ®Backet ' ]
Gost imation of | V&% BEGHER: CHNBKERCHE O metGropeacCRERERS e thibsequent
packet cat gheSent Yhidnt{SnP" EECHE BrOAT L filt %8 MR time

period is a time period necessary for any of the switched

access router and a node for relaying the packet transmitted

by the mobile node, to resolve a MAC address of a routing

de_stinatioﬁ of the packet.

The first time perj’.‘od is equivalent to the address _

, resoluti.ol'n__ time period by the switched access router,-
concerning the routing destination of the packet. For
example, the first tvime period is equivalent to the time
periodnecessary foreither the switchedaccess router , Which
is connected directly to .the mobile node as a subsequent
node, or a node that relays the packet transmitted by the
mobile node, to resolve a MAC address of a successive node
which is the routing destination of the packet.

Replacement of the packet by the' subsequent packet
constitutes an impedim'ent to certain transmission of the
packet which is the object ’of the present invention.

Occurrence of such replacement is attributable to an aspect

that theé subsequent packet catches up with the precedent

11



a transm ssion interval of the respective packets is shorter than the
address resolution tinme period described earlier. Accordingly, by adopting
t he packet transm ssion control technique of the present invention only to
the above-described case, it is possible to achieve efficient packet
transm ssion while reducing redundant tinme el apse associated wth standby
for transm ssion of the subsequent packet. | In the nobile node according
to the present invention, it is nore preferable that the second tinme period
is atime period that all the nodes which are to resolve the MAC address
requi re t oppeket il tird1A9 rddees sTieds Eha gkt gre dgssagatiaB dbdes which
the plurality of packets transmtted from the nobile node pass '
t hr oughbef §he Precedent mackeh isaunsasohvee: |Heiae theckebseswehi cation
met hod according to the present invention, it is npore preferable that the
second timcb@giwqt@ﬁuﬁwﬁeﬂp&hemqmﬂ& racketdguEbewasewher to
resolve the MAC address require to resolve the MAC address. These nodes are
anong t he AddeansiHissiarhénpeoral ofythg rpapretivepagkatistieghPEBRTt he mobil e
node pass through before reaching the destination node. According to these
aspects of thisa theaddress rasodvtban tirme ppriogcdeweriked Rardigs . peri od t hat
all the nodes (i ncl udi ng the switched access router) which are to resolve
&

the MA~C 2A¢@oxsingdyui ¥ agoptinpvehe aget dadnsinl ssiigss copsged
technique of the present invention only to the
above-described case, it is possible to achieve efficient
packet transmission while reducing redundant time elapse
associated with standby for transmission of the subsequent
packet.

In themobile node according to the present invention,
it is more preferable that the second time period is a time

Mperiod that all‘ thé ﬁdﬁes which are' to re;olvé the MAC address
require to resol{re the MAC address. These nodes are among
the nodes which the__plurality of packets transmitted from
the mobile node pass throughbefore reaching the destination
node.

In the packet communication method according to the
present invention, it is more preferable that the second
time period is a time peripd that all the nodes which are
toresolve theMAC addressrequireto resolve theMAC address.
Thesenodes are among thenodeswhich the pluralityofpackets
transnitted fromthemobilenodepass throughbeforereaching

the destination node.

According to these aspects of the invention, the second
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are anmong the nodes which the pluralit y of packets transmtted fromthe
nobi | e node pass throughbefore reaching the destination -node. In this way,.
by the tine point at which the remaining packet are transmtted fromthe
nobil e node, all the nodes which are to resolve the MA C address

andt hr oughwhi ch the remai ni ng packet passes before reaching the destination
node w ||l have conpleted the resolution processing of the MAC address. The
front packet and the remainingpacket trace the sanepathway to reach the
target ed tiveeperiondierthe imeiperiedthathell Sheinndrs éénﬁiﬂdﬁaéger . cat ches
'up with the front packet. Therefore, the nobile node can deliver the
plurality thle padkehedt acgedesroutieri relptehtare tmmesedvieaithieyMACt is al so
possible to construct and utilize a packet comunication system which

i ncl udes tddslreisey sedudae bodresobireethe MAC anddr s deJhiesgt neAefode for

receiving the pluralityof packets transmitted front henobil e node through
t he accesaneoueBengA thet modesodehichortdieng rluredd tyr edenpa ionis a

control node including an internet protocol UP) layer for controlling for
sequent i altzansmitdread fromythe pobideinode paspibkeughbeforegisidchingde t hrough a
router at an interval wthin a first tine period. Here, the IP |ayer
i ncl udes e alduifimatimmeadde .whiinhthhe wapyabytVheftime leaintarad buf f er ed
in response to a buffering request fromthe nobile node. The IP |ayer
control s twhichitde vemainang mankeiaeket trapsmieged from the mobile

node, all the nodes which are to resolve the MAC address

and throughwhich theremainingpacketpassesbefore reaching

the destination node will have completed the resolution

processing of the MAC address. The front packet and the

remainingpacket trac;e the same pathway to reach the targeted

node. However, in this event, the remaining packet ne\fer

-catches up with the front packet. Therefore, the mobile -

node can deliver the plurality of packets to a desired

transmittee more certainly.

It is also possible to construct and utilize a packet

communication -system whiéh includes the above-described

mobile node, and the destination node for receiving the

pluralityofpacketstransmitted fromthemobile node through

the access router.

A control node according to the present invention is
a control node including an internet protocol (IP) layer
for controlling for sequentially transmitting a plurality

of packets to a mobile node through a router at an interval

within a first time period. Héré, the IP layer includes

13



in the plurality of packets buf f ered in the buf f er area,
node in response to a buf f ering rel ease request fromthe nobile node. The
| P layer also controls transm ssion of the renaining packet included in the
plurality of packets, to the nobile node after a | apse of a second tine
period starting froma tine point of transm ssion of the front packet. A
packet communi cation nmethod according to the present invention is a packet
comruni catd baf fiet otkd of whlilchwitgpauraddtuyodf padkets axenbaffeabldy transnit
aplurality of packets to a nobile node that switches an access router to be
connect ed in heyspionsd ughbaiferivg wvéqaest nfxomy dhewimbbiid eanbdest tinme
period- Here, the nmethod includes: a front packet transmtting step which
al I ows t heTigonPnelydrogent o1y treidiission bifea fivdni packde inzlidedt packet
included in the plurality of packets buf fered in packet accunul ati ng neans
in responsgn tie phufdErivvef pauketsf bamfehednibitiee mkfeniparea,ecei pt  of a
buffering rel ease request fromthe nobile node; and a subsequent packet
transm tti 8¢ thileamowtl € hodkliovsedunse eota biffetindg eel easemdqudst r emai ni ng
packet included in the plurality of packets to the nobile node after a

| apse of gremcotiet mBbiNRy i pedset artthe fIPMlayermeapssntcodiaroise front
packet was transmitted in the front packet transmtting 14 step. The

control nogeahsiiBsasna dbthét yemgéntinghapadlet cinotadedt dna tiegi onal nobil e
network conprising a plurality '

plurality of packets, to the mobile node after a lapse of

to the nobile

a second time period starting from a time point of
transmission of the front packet.

Apacket communicationmethod according to the present
invention is a packet kcommunication method for allowing a
control node to sequentially transmit aplurality of packets
‘toamobilenodethat _switches anaccess routertobe c_qnnect.ed
thereto, though a router at an interval within a first time
period. Here, the method includes: a front packet
transmitting step which .allows the control node to transmit,
to the mobile node y 2 froni; packet included in the plurality
of packets buffered inpacket accumulatingmeans in responée
to a buffering request from the mobile node, upon receipt
of a buffering release request from the mobile node; and
a subsequent packet transmitting step which allows the
control node to tranémit the remaining packet included in
the plurality of packe{:s‘ to the mobile node after a lapse
of a second time period starting from é time point when the

front packetwas transmittedinthefrontpacket tranémitting

14



of routers) buffers the packet to be transmtted to the nobile
the buffer area, in response to the buffering
handover which allows the nobile node to switch the access router to be
connected thereto. These aspects of the invention is based-on an assunption
that the control node sequentially transmts the plurality of packets
addressed to the nobile node through the router, at the interval wthin the
first tinme period. According to these aspects.of the invention, the f ront
packet incteged in the plurality of.packets buffered by the control node
is- firstly transmtted to the nobile node. After a |lapse of the second
time period stamhengohtool tihede i (maqiviast aanobihitly agentromit pecket was
transmtted, the renmaining packet is transnmitted to th~ nobile node. In
this way, d¢dnnectmEabiso diregionalimpobdds neifvoek cugnpofisimgapiundlipagkets in the
router, which receives the front packet addressed to the nobile node,

beyond a psPreaseng) bafifabsthieypafkethio bettranshit teddm themobihke MAC addr ess
In other words, the remai ning packet is received by the router af ter

resol ut i ommedecisso nghe b fifeVE eajdries yelsppadeotot the budfierpagket is

conpl eted. Therefore, the respective packets are not replaced by the
subsequent requ&et sransmilt seddiedto Araadoweniwhichakidws themebade reduced and
the 15 control node can certainly deliver the plurality of packets to the
desti nat i onodénté swidwhi the aodessamnrtimgbobé heprireserdd itheretioan,

node into
request transmtted due to a

These aspects of the invention is based on an assumption
that the control node sequentially transmits tﬁe plurality
of packets addressed to the mobile node through the router,
at the interval within the first time period. According
to these aspects of the invention, the front packet included
in the plurality of packets buffered by the control node
is firstly transmitted to the mobile node. After a lapse
of the second time period starting from the time point at
which the front packet was transnitted, the remaining packet
is transmitted to the mobile node.

In this wéy, it is possible to suppress buffering of
Plenty of packets in the router, which receivesAthe front
packet addressed to the mobile node, beyond a processing
capability of the roﬁter for resolving the MAC address. In
othe_r words, the remaining packet is received by the router
after resolution processing of the MAC address based on the

front packet is completed. Therefore, the respective
packets are not replaced by the subsequent packets or

discarded. As a result, packet ioése_s are reduced and the

15



it is preferable that the first tinme period is a tine period necessary for
~a node (including the router), which relays the packet transmitted by the
control node, to resolve a MAC address of a routing destination ojv{he
packet. In the packet comuni cation nethod according to the present
invention, it is preferable that the first tine periodis a tinme period
necessary for a node, which relays the packet transmtted by the control
node, to resolve a MAC address of a routing destination of the packet The

first timgoRekblthdde eaHi vt itly Bel DPeRdeefSurabSOy WE Packet® period by
the router concerning the routing destination of the packet. For exanple,

the first to WBe BBEL9€atSoaqui valent to the tinme period necessary for a
router, which is connected directly to the control node as a node

subsequent to t g tpREdtrdIO86de hecbeahy e cxndpragdenesaventionsuccessive
node that is the routing destination of the packet. Replacenent of the

packet by ithes ?ii%ﬁ@l‘#?ﬂte pRsKAthe €905t ItiMEpe@NolMed I pboigQrtain
e

transm ssion o packet which is the object of the present invention.

Qoeur r encgfes36ty £8P 20@ ! (iint1ddinigb¥hableutexr o) WSk relbhat the
subsequent packet "catches up wth the precedent packet while the MAC

address oftHd@dcht REa9@aliItRAW B8Y She déntFSl PiSEeIaiy HRh%e S
unresol ved. Here, the subsequent "“packet catches up with the precedent

chzﬁé r It grﬁzt@ SRR INYE 2 dAAIHY TdsHinattiny Jf ahe packespective packets

In the packet communication method according to the
present invention, it is preferable that the first time
period is a time period necessary for a node, which relays
the packet transmitted by the control node, to resolve a
MAC address of a routing destination of the packet.

The first time period is equivalent to the address
resolution time period by the router conc-erning the rotiting
‘destination of the packet. For example, the first time
periodisequivalenttothetimeperiodnecessaryforarouter,
which is connected directly to the control node as a node
subsequent toAthe control node, to resolve a MAC address
of a successive node that is the routing destination of the
packet.

Replacement of the packet by the subsequent packet
constitutes an impediment to certain transmission of the
packet which is the object of the present invention.
Occurrence of such replacement is attributable to an aspect

that the subsequent packet catches up with the precedent

packet while the MAC address of the routing destination of
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than the address resolution tinme period described earlier. Accordingly, by
adopting the packet transm ssion control technique of the present invention
-only to the above-described case, it is possible to achieve efficient
packet transm ssion while reducing redundant tinme el apse associated with
standby for transm ssion of the subsequent packet. In the control node
according to the present invention, it is nore preferable that the second
tine period is atime period that all the nodes which are to resolve the
MAC addr esstheepieeedent mamiiate ishenkascidadesdermedbens@Riedr@ntnong the
nodes which the plurality of packets transmtted from the control node pass
t hrough bef BREkPERF:EReS HR WiB! Lhe Brerreedent PREKBEATENR SARMIBERI on et hod
according to the present invention, it is nore preferable that the second
time periodaisransiigs s ibbervat ofl the xesregtive PRckedisn® ShAELSHI t ched
access router) which are to resolve the, MAC address require to resolve the
MAC addr ess thpmethe psifies sresahBhioRHel R @5 1pA; 95 HP S BRELLEY -of packet s
transmtted fromthe control node pass through before reaching the nobile
node. Accor HGFPudnHabebyspdepting the PACERE | GRNSHSSIBHFIRTEPLt i ne
period is the tinme period that all the nodes (includin the relay router

and the accderhiitg ) ohi cBhar e PEESEE 0| VENVEIHELQBXC - esEoreddiere to
resol ve MAC address. These nodes

above—described case, it is possible to achieve efficient
packet transmission while reducing redundant time elapse
associated with standby for transmi'ssion of the subsequent
packet.

Inthecontrolnode accordingtothepresent invention,
it is more preferable that the second time period is a time
period that all thenodes which are to resolve the MAC address
require to resolve the MAC address.lu These nodes are among
the nodes which the plurality of packets transmitted from
the control node pass througﬁ before reaching the mobile
node.

In the packet communication method according to the

_present invention, it is more preferable that the second
time period is a time pgriod that all the nodes (including
the switcheci access router) which are to resolve the MAC
address require to resolve the MAC address‘. These nodes
are among the nodes which thé plurality of packets
transmitted from the contrql node pass through before

reaching the mobile node.

According to these aspects of the invention, the second

17



are.anong the nodes which the plurality of packets transmtted fromthe

control node pass through before reaching the nobile node. In this way, at
the tine point at which the remaining packet is transmtted from the
control node, all the nodes which are to resolve the MAC address and
t hrough which the remai ni ng packet passes before reaching the nobile node

\

w || have conpleted the resolution processing of the XAC address. The front
packet and,_the remaining,packet tr.ace {h y r t he
targeted nbHas 3%?2?? BT AR PV Fh?ﬁgslier@r‘aﬁoﬁg’%@pgcrg%]t&ﬁe r catches

ol ural ity Shegedest BOREBh b ChE e s e Peth pden 48 Waetdid on i
comunt cat PR 'ByetRFBRF SR INAS o ooRS VaRBTC At o d P BEHTS node, and
cont ol noRS% PRI (e PBOES: WG pEBEL R EIRERT ob i PRoREtbre nore
acconpanyi AEBRRNCEEE A G GoOEACHy NGy oEod | RURTRAT BREEHE) 2nd (hus
of “appl i caBATY 0t CERCAPBLE AT ny R FBACWIET Beats S0 BRESFrom the.
that  che o igh et di St 2 R Efor Ay BoRExyTACT St 000

node, all the nodes which are to resolve the MAC address

and throughwhich the remainingpacketpassesbeforereaching

themobile node will have completedtheresolutionprocessing

oftheMACaddress. The frontpacketandthe remainingpacket

trace the same pathway to reach the targeted node. However,

in this event, the remaining packet never catches up with

plurality of packets from the mobile node to a desired
destination is enhanced.

It is also possible to construct and utilize a packet
communication system whi:cp includes the above-described
control node, and themobile node for receiving the plurality
of packets transmitted from the control node through the
router.

The present invention wili. become more fully
understood from the detailed description given herein below
and the accompanying drawings which are given by way of
illustration only, and thus are not to be considere_d‘as

limiting the present invention.
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i ndicating preferred enbodi nents of the invention, are given by way of
illustration only, since various changes and nodifications wthin the
spirit and scope of the invention w |l beconme apparent to those skilled in

the art fromthis detailed description. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. | is a block diagramshowi ng an overall configuration of a packet

communi cation systemaccording -to a first enbodinent. Fig. 2 is a
conceptual vi ewgfor

! f
a rmobi | e node accor%‘?ﬁg fz‘:&fz%‘ﬂffﬂ ?@tﬁiﬁ%ﬂdhﬁn%tf t’dﬁéorblaégigﬁoeratl ons o

Fig. 37s vi ew show ng

state At okl V1L EXBAE aphrinb2e6A S &étambd*@@ééﬁ Bofsy i n the first

oW ng correl atl et ween "a connecti on

f
Fespecti vy h&‘?&ﬁa?&%% TR e “58@99‘5??&&&%% gurat i on of

ram Oow ng an overa

a packet COIUREERL{Q8 ¥ R9GA" A0 sl i% 136 CERehy WEDie Fig 6 1s a
concept ual Vi ew or ex |n| g a functi constituti on and operations of

bilit .
2hg€\n IngI s%/a{ﬁgf rans %gﬁglgﬁegi%g&g\%ﬁt&égﬁeﬂhandov %}* an%VTZeI ﬁogev: ﬁwt he

second enbgdi 20t or PESCEYEION,O5THE BREEERGED: ENGCRLYEMTS: and

modifications within the spirit and scope of the invention

will become apparent to those skilled in the art from this

detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing an overall
configuration of a packet communication system according

’ ._to a first embodiment.

Fig. 2 is a conceptual view for explaininga functional

constitution and operations of a mobile node according to

the first embodiment.

Fig. 3 is a view showing state transition in the event
of a handover of the mobile node in the first embodiment.
Fig. 4 is a table showing correlation between a
connection point of a link layer and a default router in

different states, respectively.

Fig. 5 is a .block diagram showing an overall

configuration of a packet communication system according

to a second embodiment.

Fig. 6 is a conceptual view for explaininga functional

constitution and operations of a inobility agent according
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First Enbodi nent A first enbodi ment of the present invention is described
in detail below with reference to the acconpanying draw ngs. As a preni se
of description, this enbodinent is based on an assunption of the case where
t he packet transm ssion control technique according to the present
invention is adopted to a nobile node. Fig. | is a block diagram show ng
-an overall configuration of a packet communication system according to the
first enmbodienthe second prpbodimenfiventi on. A packet conmunication system |
shown in Fig. | is configured by including a nobile node (M\) 100 such as a
nobi | e tel ephoneFida T égi avaewnmiiahetabeii nans i ionih T RBORE net wor k

N1, and a plurality of correspondent nodes (CN) 51, 52 and 53. Here, this
packet com@fniac BengRveysodnti BokbhetRede dd the Fecondh fBPORERRERe npdes
including the regional registrations, the hierarchical nobile IP, and the
li ke, whi deStel Hirldindd s HR e & gt®edpi.ng Task Force (IETF).
The regional nobile network N2 is constituted by wire connection of access
routers (AR) Farst3fmbsddmedtseverally provided in a plurality of base
stations 21, 22, and 23, 20 and, relay routers 41 to 46 connected directly
or indirectly té\tﬁé§§ta@@@§§HMﬁme%¥3Ih?oRxﬁsﬁk#eéﬂﬁﬁpt%ﬁ@ A&gi onal
mobi |l e network N2 is connected to the correspondent nodes 51 to 53 by wires
t hr ough t hedeekier indaimid pglowwith reference to the accompanying

drawings.

As a premise of description, this embodiment is based

; on an assumption of the case where the packet transmission
control technique according to the present invention is
adopted to amobile node. Fig. 1l is a block diagram showing
an overall configuration of a packet communication system
according to the first embodiment of the present invention_.
Apécket communicétioﬁ System 1 showﬁ :Ln Fig! 1 ié configured
byincludingamobilenode(MN)100sudhasanmbiletelephone,
a regional mobile nel:work N2, a known backbone network N1,
and a plurality of correspondent:nodes (CN) 51, 52 and 53.
Here, this packet communication systemis constructed

in accordance with the modes including the regional
registrations, the hierarchical mobile IP, and the like,
which are proposed by the Internet Engineering Task Force

(IETF) .

The regional mobile network N2 is constituted by wire
connection of access routers (AR) 31, 32, and 33 severally

provided in a plurality of base stations 21, 22, and 23,
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The nobil e node 100 (corresponding to a packet transm ssion control |
apparatus) is wirelessly connected to anyoneof the access routers 31 to 33 |
depending on the location of nobilenodel OO and is handed over anong-the ';
access routers while transmitting packets to the plurality of correspondent |
nodes 51, 52, and 53. The access routers 31 to 33 and the relay routers 41
to 46 (hereinafter collectively referred . to as the "routers") execute
resol ution processing of anedia access control (MAC) address in order to ‘
speci fy a auflt playranthmséltontt conbesiedadirecilvardmnditeciddkets. Here,
for each of the relay routers and the access routers through which the
packets pate Biess assiess rPufsHPtIkdRME3I- rY¥eErpoRar, BheiTRIIdlod requii ed
to resol ve the MAC address of the node, which is the subsequent routing
dest i nat i oRobile metvyaidkdids 1sj conpegediiia thet cosrapBaRdsnheQd&st r espondi ng
to a first time_period). The packets which are transmtted fronthenobile
node 100 Pd Eﬁy5gn3éYo‘\Vl¥ﬁ§ ¥ e oHe Pagihrre netwerg Nke routed to the
backbone network N through one of the access routers connected to the _
nobi | e node whenTR@emphdler nede LPAnsIFARRGPPARHRIGWLS & RAFEeRY rout ers.
In this event, if there is no router having an_unresol ved MAC addres s -
after the GXaRBBASSioR Gratkakamparakus) tifeWhrekesslyconnaated ¥dr ough up to
three routers havitr;_g unresol ved MAC addresses  before reachi ng_a desired
dest i nat i oRNYIRRELT theaeress roadex si3ER AP SePendinganithe LraatHeRi od

(corresponding to a second-tine peri od& ,
ofmobilenode 100, andishandedover among the accessrouters

while transmittingpackets tothepluralityof correspondent
nodes 51, 52, and 53. The access routers 31 to 33 and the
relay routers 41 to 46 (hereinafter collectively referred
to as the “routers”) execute resolutionprocessingof amedia
access control (MAC) address in order to specify a ro\iter
as a subsequent routing destination of the packets. Here,
for each of the relay routers and the access routers through
whichthepacketspassafterbeingtransmitteduntil received,
a time period required to resolve the MAC address of the
node, which is the subsequent routing destination of the
packets, is preferably set to about 5 ms ( corresponding to
a first time period).

The packets which are transmitted_ from themobile node
100 to any one of the correspondent nodes 51 to 53 are routed
to the backbone network N1 through one of the access routers
connected to themobile node when the packets are transmitted
and two of the relay routers. 1In this event, if there is

norouter havingan unresolved MAC éddress after the backbone

21



5nm-x 3 =15 ns is preferably preset on the nobile node 100. Fig. 2 is a
conceptual view f or explaining a functional constitution and operations of-
the nobil e node. As shown in fig. 2, the nobile node 100. includes an

application 11 in an application layer Ila, a transmission control protocol
(TCP) /user datagram protocol (UDP) 12 in a transport |ayer 12a, a-

internet protocol (IP) (corresponding to packet transm ssion controlling -
means) Ietworkils bhéf tdre paeRetslaxe aoutedotritdrouph apphe kdireeaccunul ati ng
means) in an internet protocol (IP) layer 13a, a link 14 and an interface
15 in a | rokténydraviidsy uBaesolvedsMAC teiifessas befappl reathimg &1 t o anot her
node is transmtted sequentially through the TCP/UDP 12, the IP 13, the
link 14, desitad destifatiodSnodeanvitiidérefomst ag raxnsransmdssiomm t he ot her
node to the application 11 is received sequentially through the interface:
15, the | sbhlandb¥ tinecpeiidd (copdespondiRy ok §8coidrine memiwed)t,i on point is
switched fromthe access router 32 to the access router 33, a buffering

request i § mgukpyters fiHPmd R-dFrRfIAC présetoohhthé PndBil ¥hesdd he
buffering request is inputted to the I'P 13, the packets are 22 buf f ered
in the bufiob.er area 131. To be nore precise, the packet is buffered in
queues 13la to 131d which constitute a data retention area prepared for

respective dest Fhgti2ohs aagdioeptmlofi ¢ Eopaxpdiaining a functional
constitution and operations of the mobile node.

As shown in fig. 2, the mobile node 100 includes an
application 11 in an application layér 11la, a transmission
control protocol (TCP)/user datagram protocol (UDP) 12 iﬁ
a transport 1layer 12a, a ‘* internet protocol (IP)
(correspondlng to packet transm:.ss:.on controlllng means)
13 havl;}g a buffer area 131 (corresponding to packet
accumulating méaﬁs) in an internet protocol (IP) layer 13a, -
a link 14 and an J'._nEerface 15 in a link layer 1l4a.

Data transmitted from the application 11 to another
node is transmitted sequentially through the TCB/UDE 12,
the TP 13, the link 14, ar;dvth,e interface 15. Meanwhile,
data transmitted from the other node to the application 11
is received sequentially through the interface 15, the link
14, the IP 13, and the TCP/UDP 12. |

When a connection point is switched from the access
router 32 to the access router 33, a buffering request is
outputted from the 1nterface 15 to the IP 13. When the

buffering request is inputted to- the 1P 13, the packets are
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The 1P 13 rel eases buffering at a tinme point when a default router is
changed by a router advertisenent (RA) received fromthe access router 33.
When buffering is released, the IP 13 hands over, to the link |ayer 14a,
only one front packet (such as a packet Al in the queue 131la) out of the
packets buff ered in each queue. Then, after 15 ns have passed, the IP 13
hands over the remaining packets retained in each queue to the link |ayer
l4a Fig. 3 is a view showing state transition in the event of a handover of

the nobi | sunpdeed 0% HhQWBuitRek Sred. 13he T Bhembtansiddde aggeci ated with
t he handover of the nobile node 100 is categorized into four states (states

Il to V) paskshawW bk fbred: is-qu Bhe tdFi131dwhsch doryte taft@wi ng
correl ation between the connection point of the link layer 1l4a and the

defaul t rouiffa irfatea®lotf akBs ﬁf%é&éedm sbapBctive destaiiiere the link
| ayer 14a of the nobile node 100 is connected to.the access router 32, and

the defaubhqreukes L £he pscpsesrouter 32. The state Il is a state where
the link layer 14a of the nhobile node 100 is being switched fromhe access

router 32 to theh@CERSS relW@eddbliffedihynkt |ANSMO YA heR Period)
andt hedefault router 1s still the access router 32. 23 The state Ill is a

state whepgrhiiet! kBktbayes dfangid B1e Tohitke Badert99ehsncommerted to the
access router 33 and the access router 32 renmains the default router. The
state Il rezeGQRll T4Rsh WHd |addes 0ol P08, 10PhELCBUTESring is
released, the IP 13 hands over, to the link layer 14a, only
one front packet (such as a packet Al in the queue 131la)
out of the .packets buffered in each queue. Then, after 15
ns have passed, the IP 13 hands over the remaining packets
retained in each queue to the link layer 14a.
Fig. 3 is a view showing state transition in the event
- of a handover of the mobile node 100 shown in Fig. 1. The
state transition associated with the handover of the mobile
node 100 is categorized into four states (states I to IV)
as shown in fig. 3. Meanwhile, Fig. 4 is a table showing
correlation between the connection point of the link layer
1l4a and the default router iﬁ each of the states.
The state I is a state where the link layer l14a of
the mobile node 100 is connected to the access router 32,
and‘the default router is the access router 32. The state
II is a state where the link layer 14a of the mobile node
100 is being switched from the access router 32 to the access
router 33 (inalink layer outage time period) and the default

router is still the access router 32.
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the-RA of the access router 33 and thereby changes the default router from
the access router 32 to the access router 33. The state IV is a . state after
t he nobil e node 100 received the PA of the access router 33 and thereby
changed the default router fromthe access router 32 to the access router
33. In this event, each of the connection point of the link layer 14a and
the default router is the access router 33. Wien the connection point of the

State 1 and OSSR VL Ut i ACROrES RIS L ARER PR e

ransm e nobil e node

are recei VA BYSHNE REHT RO ngTEeieg. too ik, SPeRaF T4 O 00 Tout

route e access router

22 0Bl el ahed nShP 83 FOMAREs Thd Dyl ugebl ol ealter

esponden ode"571. t he

out or o Sharcobhcr Heunin s Antutpeht P nadl B0p Fodifvea® 0 011

a e state I11),

node 51+ 1e SRR A& PR S Rl EuPB Ry AR, 4R GRE L ST

guéue 13la and

(ai tor t nEoHseR, £ Opobe, Soass Dy M gtoss &' Bhe AdHES thBeklab ™ 0 Mg

Ove, "according to
b bork S BIRLCR YFAEE e e WU BURA SIBRUTR becklet € node
' the RAof the access router 33 and thereby changed thedefault
router from the access router 32 to the access router 33.
In this event,. each‘ of the connection point of the link layer
1l4a and the default router is the access router 33.
When the connection point of the link layer 1l4a and
the default router coincide with each other (iﬁ.the state
I and the state IV), the packets transmitted from the mobile
node 100 addressed to the correspondent node 51 that is the
destinationthereofarereceiﬁedbythecorrespondingaccess-
router (that is, theaccess router 32 in the state I or the
access router 33 in the étate_ IV) . Thereafter, thereceived
packets are routed to the correspondent node 51.
On the contrary, when the connectién point of the 1link
layer 14 and the default router do not coincide with each
other (in the state II and the state III), the packets
transmitted fromthemobilenode 100 toward the correspondent
node 51 that is the destination thereof are buffered in the

queue 13laand then transmitted to thedestinationnode after

transition to the state IV (after the default router is
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respective queues 131a, 131b, and 131c individually provided depending on
t he addresses of the correspondent nodes 51, 52 and 53 that are the
destination thereof . Along with the release of buffering, the nobile node
100 first transmts only one front packet out of the packets buffered in
each queue to the desired correspondent node. Then, after a |lapse of a
given tine period (such as 15 ns) , the nobile node 100 transmts the

remai ni ng, a""(fee&s continuously. In this way, the front packet reaches the
corresponden r?o'de of the destination while facilitating the resolution of

the MAC addresg, by e Huler (pliech BRaq30:HAr 038l vetle MBGCRddr ess,
existing on the transm $sion pathway. rer | apse of tRe given time

iod, t ! s { t hat
Por the o ontEiRdtath BYSEhS S epbrthest, sabSuiehts SATRABIASY o coe no
I I f , 14U ill b
el ther ricad o P et EREiT o b e RethE, UE, thIC SRY "baTEEE M ke
dest i nat | E5oEtaCile BEaRR e i fanQu R E R SRRV H R (77,

d d, k LGl ilized.
Second. Enfobrhagpo 38! (Bl 2b8REURER T A Bl ReBpBhkRL Mbads 81, e i on 1 s
r bed.i . ) . . : > -
pfgfﬁ“seeo?t;hrpc?%%' héN:%@%%Srﬁﬁﬁa‘h{o@ﬁﬁggggﬁ?“m’&g diendps. As a

escription, thi's enbodi nen
release of buffering, the mobile node 100 first transmits

only one front packet out of the packets buffered in each
queue to thedesired correspondent node. Then, afteralapse
of a given time p’ériod (such as 15 ms), the mobile node 100
transmits the remaining packets continuously.
Ipthisway,thefrontpacketreachesthecorrespondent
node of the destination while facilitating the resolution
of the MAC address by the router, which has an unresolved
MAC address, existing on the transmission pathway. After
a lapse of the given time period, the remaining packets are
routedthroughthesamépathwayasthatforthefrontpacket.
However, a router having an unresolved l;mc address no longer
exists on that pathway. Therefore, the remaining packets
willbeneither replacedby subsequentpacketsnordiscarded.
As a result, packet losses are reducediand the plurality
of packets certainly reach the destination. In additionm,
a rate of retransmission of the packets is reduced, and the
network resources can be moré efficiently utilized.

Second Embodiment

25



on an assunption of the case where the packet transm ssion control

techni que according to the present invention is adopted to a nobility agent
(MA). Fig. 5 is a block diagram showi ng an overall configuration of a
packet conmuni cation system according to this enbodi nent. A packet

conmmuni cation system2 showmn in Fig. 5 is configured by including a nobile
node (MN) 200 such as a nobile tel ephone, a regional nobile network N2, a
known backbone network N, and one correspondent node (CN) 54. The regional
mobi | e net wor k N¥ekt, cansecond egiiimdiment cfothecprrencnt adpvestienuters (AR
34, 35, and 36 respectively provided in a plurality of base stations 24,

25, and 26,is debayibedt tndett7ailo withcoafiecerde dia ddwel pcromphByéngccess
routers 34 to 36, and one nobility agent 60. Mreover, the regional nobile
net wor k N2 drawdorgsected to the correspondent node 54 by wire through the
backbone network N . The nobile node 200 is wirelessly connected to any one

of the access rodisea Prenitse 86 dbsparigitignenthiw embediment s based e node
200, and i s handed over between the access routers 35 and 36 while

recei vi ng paclast sssunptioe ok dhecspsmadrarenstie Backes thaasadssdonr outers 34
to 36 and the relay routers 47 to 4 9 (herein after collectively referred
to as the "contrrk"Yechixcgur cacesuling de fitvr ersiseptofinyemidonddisess in
order to specify a router as a subsequent routing destination of the
adopted to a mobility agent (MAR).
Fig. 5 is a block diagram showing an overall
configuration of a packet communication system according
to this embodiment. A packet communication system 2 shown
in Fig. 5 is configured by including a mobile node (MN) 200
such as a mobile telephone, a regional mobile network N2,
a known backbone network N1, and one correspondent npde (CN)
54. |
The regional mobile network N2 is constituted by wire
connection of access routers (&R) 34, 35, and 36 respectively
provided in a pluraiity of base stations 24, 25, and 26,
relay routers 47 to 49 connected directly to these access
routers 34 to 36, and one mobi"lity' agent 60. Moreover, the
regional mobile network N2 is connected to the correspondent
node 54 by wire through the backbone network N1.
The mobile node 200 is wirelessly connected to any
-one of the access routers 34 to 36 depending on the location
of mobile node 200, and is handed over between the access

routers 35 and 36 while receiving packets from the

correspondent node 54.
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packets. The nmobility agent 60 is a node which receives the packets
transmtted fromthe correspondent node 54 addressed to the nobile node 200
and transmts the packets to the access router currently connected t.o the
nobi | e node 200. Here, f or each of the relay routers and the access
routers through 'which the packets pass. through after transmtted until
received, atine period required to resolve the MAC address of the node
that is the subsequent routing destination of the packets is preferably set

to about 5 ns (‘iﬁérééeé’é‘g'ﬂﬂ;téx% 34f £6536 bindErRENIOy rDyeoRackets which are
transmtted froman apparatus af ter the backbone nétwork N (such as the

corresponqgyog éﬂ@gélﬁéﬁé@ cbmﬁeee@kréiy&@f%r%@at%é €Réhyopeargeted to the
access router 35 reach the nobile node 200 through the nobility agent 60,

the relay duthile é%se&uﬂgon%éégsﬁ?@%%sa MR 586ra38s0in Mrad thhi s event,

if there is no router having an unresolved MAC address after the backbone

network Ngpddigfy at Foufac gté s‘(‘ﬂ:‘s'ed%%n&%@@lﬂ H@'é&'inﬁlﬁlbﬁ dPR@R routers
havi ng unresol ved MP. C addresses (including the nobility agent 60)before

reachi ng the-yobi! e node 200. Therefore, as a 27 transmi ssion standby tine
period (corresponding to a second time period) , 5m x 3 =15 nms is

preferably pr esefhéﬂhotﬂlqlﬂmlglew 60928t aNREEe Gfhidh Tredrivied taRNCEPt LAl

view f or explaining a functional
packets transmitted from the correspondent node 54 addressed

to themobile node 200 and transmits the packets to the access
brouter currently connected to the?mobile node 200. Here,
for each of the relay routers and the access routers through
which the packets pass. through after transmitted until
recéived, a time period required to resolve the MAC address
of the node that is the subsequent routing destination of.
the packets is preferably set to about 5 ms (corresponding
to a first time period).

The packets which are transmitted from an apparatus
after the backbone network N1 (such as the correspondent
node 54) to the mobile node 200 currently connected to the
access router 35 reach the mobile node 200 through the
mobility agent 60, the relay router 48 or 49, and the access
router 35 or 36.

In this event, if there is né router having an
unresolved MAC address after the backbone network N1, then
thepacketswillberoutedthrquqhuptothreeroutershaving
unresolved MAC addressés (including the mobility agent

60)before reaching the mobile'ndde>200. Therefore, as a
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constitution and operations of the nobility agent. As shown in Fig. 6, the
nmobi lity agent 60 includes an IP 63 (corresponding to packet transm ssion
controlling neans) having a buffer area 631 (corresponding to packet
accurul ating neans) in an IP layer 63a, and links 641 to 644 as well as
interfaces 651 to 654 in link layers 64la to 644a. The packets received by
the IP 63 through the link I|ayer 644a having the |ink 644 connected to the
backbone network N  are sorted to be {ransmitted tq.an appropriate 1link
(any one of L¥#RSPipxion stangdby ime Rented (FoxEesSRPRAING tr%gtsieﬁﬁn@abl e (not
- shown) possessed by the I P 63. Upon recejpt -of a buffering request
transmttedtimrePerirdhnifi B Xode A90ms tif PrgHexaplyr rrasetiolkdbes1 to 643,
the P 63 buffers the packets addressed to the nobile node 200 in a
correspondi RgPaLaE¥ ageREeN@A83%8-in this case) within the buffer area.

Such buffering is_continued until the IP_63 receives a buffering rel ease
request which is Figafsks 8 concepimaliclatbiey 8%R Bénéﬁngr@%y one of
t he

links 641 to 643. Along with receipt of the buffering_release request,
the | P 63 h&rastdfatigpapdereratiors phLhembi lidokagendy “Asshavied in t he

gueue 631a to the appropriate |link layer 28 643a i.n accordance with the

routing tabR® dEk@ri Bed B | mebilitieraent of0a INCINGSF (2B 3 the IP 63

hands over the remainjng gackets packets B3 to B5 except the front packet)

retained i n (RFTQFRIRAIDT, tooPRAKSH ST aTTHARSd ony ﬁRWﬁ?éﬁng means)

having a buffer area 631 (corresponding to packet
accumulating means) in an IP layer 63a, and links 641 to
644 as well as interfaces 651 to 654 in link layers 64la
to 644a. The packets received by the IP 63 through the link
layer 644a having the link 644 connected to the backbone
network N1 are sorted to be transmitted to an appropriat_e
lin'k“-'(any one of the links 641 to 643) in éccordance with
a routing table'-(not shown) possessed by the IP 63.
Upon receipt _9f a buffering request transmitted from
the mobile node 200 through any of the‘links 641 to 643,
the IP 63 buffers the pab]igat; addressed to the mobile node
200 in a corresponding queue (a queue 63la in this case)
within the buffer area. Such buffering is continued until
the IP 63 receives a buffering release request which is
transmitted from the mobile node 205 rtlllrough any one of the’
links 641 to 643.
Along with receipt of the buffering release request,
the IP 63 hands over only one front packet (a packet B2)

retained in the queue 631a to the appropriate link layer
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643a. Fig. 7 is a view show ng state transition in the event of & handover
of the nobile node 200 shown in the Fig. S. Prior to transnission of the
buffering request fromthe nobile node 200, the packet Bl is transmtted
fromthe correspondent node 54 to the nobile node 200 through the nobility
agent 60. In this event, the buffering request is transmtted fromthe
nobi | e node 200 to the nobility agent 60 (SI). This buffering request is
transmitted prior to switching an access router to be-connected. Wen the

buf f eri ng g43aiBs ickordaaaemitdethd®y otitd ngotdth e deder2H68d ealrifiker.i ng of the
packets B2 to B5 addressed to the nobile node 200 in the queue 63lais
started (S®en VWadtelrha ataadbyr Dot €r5 s beheodPe6Beands swdrclthe by the
nobi | e node 200 (S3), a router advertisenent (RA) fromthe switched access
router 36 remdiciEiypdcRyth@aoKytsB3 medBS 26¢eptdte feontpiackett)he RA, a
care-of address is changed (S4). Wen switching the access router to be
connect ed rétaioedial athe tdireuRu3flactbnghecappseprtquesliinie taywsmitted f
rom the nobile node 200 to the nobility agent 60 (S5) Buf f ering 29 is
rel eased weg®at he buffering rel ease request is received by the nobility
agent 60. However, all the packets B2 to B5 buffered in the queue 63la at
the point are naEigegebsarview shoaiag $tete taahisitdos in tthetdnemtobi [ e node

200 at equal

of a& handover of the mobile node 200 shown in the Fig. 5.
Prior to transmission of the buffering request from the
mobile node 200, the packet Bl‘is transmitted from the
correspondent node 54 to the mobile node 200 through the
mobility agent 60. In this event, the buffering request
is transmitted from the mobile node 200 to themobility agent
60 (s1). .

| This buffering request is transmi£ted prior to
switching an access router to be connected. When the
buffering request is transmitted by the mobile node 200,
buffering of the packets B2 to B5 addressed to the mobile
node 200 in thé queue 63la. is started (S2).

When the access router to be connected is switched
by the mobile node 200 (S3), a router advertisement (RA)
from the switched access router 36 is received by the mobile
node 200. Upon receipt of the RA, a care-of address is
changed (S4).

When switching the access router to be connected is

completed, thebufferingreleaserequest istransmitted from

themwbilenodeZOOtothemobilityagent60(SS). Buffering
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intervals. That is to say, when receipt of the buffering rel ease request is
detected, the front packet B2 anong the four packets B2 to B5 buffered in
the queue G3la is firstly transmtted to the nobile node 200 (S6). Then,
after 15 ns have passed, the remmining packets B3 to B5 are .continuously
transmtted to the nobile node 200 by the 'nobility agent 60 (S7). Note
that this enbodi nent has been typically described, regarding transm ssion
control of the packets retained in the queue 63la that are addressed to the

nobi | e node,  200.. However, re Eh%in .packets addressed t.o ot her bi | e nodes
(not shown) 1% Feazrhi'hen 1?1?139 f&tg’fé'g‘@sr&i)?cﬁs?or%%ﬁﬁ ﬁﬁr’fec?Jr‘bﬁrH)t he queue
631a, simlar processing is also perfornmed in e of the, queues and the
nobi | e nodeBY T %k]e’tqilé@tﬁ%’ﬁl @ﬁt‘i OFOUG¥EEM %]fftctﬁ'@ P@Ggﬁa‘g gﬁb’iﬁh ment is,
as hitherto_described,  an exanpl e_of adgftin . the nobility agent 60 as the
packet tranBRiMGiarechin the qupdn 63laak l'éﬁﬂglPB R Dy BEERESERYENLi on. The
nobility agent 60 perfornms buffering of the packets_in the queues
i ndi vi dual | FrpreRigEads 6PDELRRORSLY nkO kR dilell & madfe 200hREeeIBdles, i. €.,
t he destinations of the packets. Along with 30 the release of buffering,
the nobilityP&§ENRLS0 transmits only one f ront packet anong the packets
buf f ered in each queue to the_desired, npbile nade ﬁgo, Thepn, after a
| apse of a gi venTPPhelHEP RV ¥HER BECeEPHIT thRPWh H‘Hfr&SEﬁFe

request is detected, the front packet B2 among the four

packets B2 to B5 buffered in the queue 63la is firstly
{ transmitted to the mobile node 200 (S6). Then, after 15

ms have passed, the remaining packets B3 to B5 are

continuously transmitted to the mobile node 200 by the

mobility agent 60 (S7).

Note that this embodiment has been typicallydescribed.-

regarding transmission control of the‘packéts retained iﬁ

the queue 631la that are addressed to the mobile node 200.

However, regarding packets addressed to other mobile nodes

(not shown) to be retained in the queues 631b to 631d apart
{ from the queue 631a, similar processing is also performed

in each of the queues and the mobile nodes.

The packet communication system of the second

embodiment is, as hitherto described, an example of adopting

the mobility agent 60 as the packet transmission control

device according to the present invention. The mobility

agent 60 performs buffering of the packets in the queues

individuallyprovided for eachof the addresses of themobile

nodes, i.e., the destinations of the packets. Along with
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60 transmts the remaining packets continuously. In this way, the one front
packet reaches the correspondent node of the destination while facilitating
the resolution of the MAC address by the router, which has an unresolved
MAC address, existing on the transm ssion pathway. After a | apse of the

given tinme period, the remaining packets are routed on the sanme pathway as
that for the front packet. However, a router having an unresolved MAC
addr ess no thengeldeaxiesds irf fdrdhgpatheayobIbitgfayyent 6Dheramsmits ng packets
wi |l neither be replaced by subsequent packets nor discarded. As a result,
packet | oss@flylonhe fedutegaskdttomomy Utled idaclkdtpaufEesedeihaeatly reach the
destination. In addition, a rate of retransm ssion of the packets is
reduced, angudire teethardesiaslimobsdleanolie 200 ¢ Takhi cafiet w Lapsezed. It is
to be noted that the aspects described in the respective enbodi nents are
preferred exfrnplgdvenf tile gradial (saehnasianis)n thetmobidddnyr dgegtto t he
present invention. Accordingly, the present invention is not limted to the
aspects des60i bean&etes nthéofertadanme packdte amtiinubouisig.f or egoi ng

enbodi nents, descriptions have been made regarding the exanples in which

31 the control teDhnithie fwdypatket drneinfroati qraciesor deaghés thee present
invention is applied to the nobile node and the nobility agent - However,
wi t hout | i ncbicrgspontiBrtensdslest thichdeslidviatdont whilé efdoiitsmtiingl so

applicable to other
the resolution of the MAC address by the routexr, which has
an unresolved MAC address, existing on the transmission

pathway. After a lapse of the given time period, the

remaining packets are routed on the same pathway as that

for the front packet. However, arouter havinganunresolved

MAC address no longer exists on that pathway. Therefore,
the remaining packets will neither be replaced by subsequent

| packefs' nor discarded. As a result, packét ldsses are
reduced and the blurality of packets certainly reach the
destination. In adc};i.tion, a rate pf retransmission of the
packets is reduced, and the network resources can be more
efficiently utilized. _ _

It is to be noted that the aspects described in the
respective embodiments are preferred examples of the packet
communication system according to the: bresent invention.
Accordingly, the present invention ‘is not limited to the
aspects described herein.

For example, in the each of the foregoing embodiments,

descriptions have been made regarding the examples in which
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conmuni cati on apparatuses such as a router for transmtting a plurality of
packets to a desired destination node. Mrreovéer, in each of the foregoing
enbodi ments, a description has been made regarding the control technique
for packet transmi ssion in the event of the release of buffering. However,
t he above-described control technique is also applicable to the case where
the application requires packet transm ssion at a shorter transm ssion

interval . Wt 6GEFESELtetRngatl Bdr bAekberegaid syimdagesidingdsscri ptions
have been made based on the assunption that the nobile node is a nobile

t el ephone- driavgyesent Havaditilon isciplivg be thymobbilemédo®anadthement having
a wreless conmunication function, such as a personal digital assistance

(PDA,) Lastiddbild tdeg§ene! i GHduicrdd,ONi Elsu€ QigEtingotE tied@ Addeépr achi eving
t he packet transmi ssion control technique according to the present

invention, e @HERIMIGRIrJ1eading queeder g gpgilitaphechor 6€Reds the
program (hereinafter sinply referred to as the "recording nediunt) . The

recordi ng nestdhiini Sattiesi SpearitusdPeichash diontelr EFEPAnsaiaRIAg in
magnetism light, electricity or the like, to a reading apparatus provided

on har dwar ea rgs@d LESy IE hatke . tH e RsdreduaReTd na®iput 8bdel.N response to
the contents of description of the program WMoreover, the recordi ng nedi um

i's designed to beuerfide Gn tesB1 tHHy fdiegodiie nbodimed®SGr iapt i on of
the programto the reading apparatus in the
description has been made regarding the control technique
for packet transmission in the event of the release of
buffering. However, the above-described control technique
isalsoapplicable to the casewhere the applicationrequires
packet transmission at a shorter transmission interval.

Furthermore, in each of the foregoing embodiments,
descriptions have been made‘based on the assumption that
the mobile node is a mobile telephone. However, the mobile
node may be any information equipment having a wireless
communication function, such as a personal digital
assistance (PDA).

Lastly, adescription isprovided concerningaprogram
for achieving the packet transmission control technique
according to the present invention, and a computer-readable
recording medium which records the.pfogram (hereinafter
simply referred to as the “recording medium”). The
récording medium is designed to impart a state of energy

changes in magnetism, light, electricity or the like, to

a reading apparatus provided on hardware resources such as
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formof signals corresponding to the energy changes. This type of recording
medi um may be one detachably fitted to a conputer (including a nobile
termnal), for exanple: an |IC card such as a user identification nodule
(UM ; a magnetic disk; an optical disk;' or a magneto-optical disk. In
addition, the recording nediummay be a nonvol atile sem conductor nenory
such as a hard disk (HD) fixedly built in the conputer or integrally fixed

‘;'Omr gatal\’ﬁ(eﬁ8¥5i=-p¥:? oS\l A T Pdspieise & Ceﬂétééﬁ% len whi ch

g neans pr rel'ess con appar a us accordlng to

, |1
i Fer . Uik of%&% 5o 2. ‘i%'b%réh?nré)ig%ggiﬁhﬁéﬁd_u&a”'a y or

rough ansm SSi o ium such as a
t t
conati turi b dds e dﬁ’%@g 8%*%% of REnBHILEREOPREROMRNEENE 2 ot i ol
t t
i Ut O be PReNLfS Gy (MUY R 33 Rles LAY 591 hs

descr bed. <y i Ly AT Ol U T,

ons” are not re d as a departure

10m 1 SByt  S l B"0nW AhaBY ey S8 {1t

0 one s the art  are 1nt i ncl usi on

wi thin the, scap& Ofr t G d1ULiNY ngoﬁifé ermithal), for example: an

ICcardsuchasauseridentificationmodule (UIM); amagnetic
disk; an optical disk; or a magneto-optical disk. 1In
addition, the recording medium may be a nonvolatile
semiconductor memory such as a hard disk (HD) fixedly built
in the computer or integrally fixed firmware.

Moreover, the above program may have a constitution
in which communicating means provided in a wireless control
apparatus according to the present invention receives and
records the program either partially or entirely, from
another instrument, through a transmission medium such as
a communication line. On fche contrary, the above program
may have a constitution in which the program is transmitted
fromthewireless control apparatus according to the present
invention through the transmission medium, to another
instrument to be installed.

From the invention thus described, it will be obvious
that the embodiments of the invention may be varied in many
ways. Such variations are not tobe regarded as a departure

from the spirit and scope of the invention, and all such
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WHAT IS CTAIMED I S: A packet comunication nethod for allowing a packet
transm ssion control apparatus to sequentially transmt a plurality of
packets addressed to a destination node at an interval within a first tine
period, the nmethod conprising: a f ront packet transmtting step of
all ow ng the packet transm ssion control apparatus to transmt, to the
destination node, a front packet included in the plurality of packets
buffered in packet accunulating , neans; and a subsequent packet
transmittimgdifipabionslamwoyldhee opadkus teo amenskilbedcionthel anpparatus to
transmt the remaining packet ihcluded in the plurality of packets to the
desti nat i oaradddeafdest far|insdaisionavsidriontihe seongseef dde Sebtowhggf rom a
time point of transmi ssion of the f ront packet in the f ront packet
transmitti sgagmep. 2. A packet conmunication method for allowing a nobile
node to switch an access router to be connected and to sequentially
transmt a plurality of packets to a destination node through the access
router at an interval wthin a first tine period, the nmethod conprising: a
front packet transmitting step of transmtting, to a sw tched access
router, a front packet included in the plurality of packets buffered in
packet accurnul ati ng nmeans during a disconnection period when the nobile
node switches the access router to be connected thereto; and 35
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a subsequent packet transmitting step of allowing the nobile nodet , o
transmt the remaining packet included in the plurality of packets to the
switched access router after a |apse of a second tine period starting from
atime point of transm ssion of the front packet in the front packet
transm tti WgASt &8. CBAIMEPadRet conmuni cation method for allowing a control
node to sequentially transnt a plurality of packets to a nobile node which

T T e SRR RS PGS,
(ransm {11 9CRLED efatblontng, (henes0n! o ialid Oclt e g e b ¢
packel | ScoumLghung JRAOE 16y LpenBEeLe AU/ L0 LSS g he

a buffering
rel ease re t_tr : [ e, :SUb Jent transmtting
step of al ?‘%\%Senakt%glt%oer% k«%g@g_ﬁ[% ?fﬁ%csml?&ét ﬁgggg%i%g‘%&é‘&d& i ncl uded
in the pl o?ntﬂrt'ysi(g Jpackets to the nobile node after a | apse of a second
time period's ATt ngq'froma time point of transm ssion of the front packet

in the front packef. ¢ 80sPbEtiragshli@Rind&tep of allowing the packet

transmission control apparatus to transmit, to the

destination node, a front packet included in the plurality
of packets buffered in packet accumulating means; and

a subsequent packet transmitting step of allowing the
packet transmission control apparatus to transmit the
remaining packet included in the plurality of packets toc
the destination node after a lapse of a second time period
starting froma time pointof transmissionof the front packet
in the front packet transmitting step.

2. A packet communication method for allowing a
mobile node to switch an access router to be connected and
to sequentially transmit a plurality of packets to a
destination nodé through the access router at an interval
within a first time period, the method comprising:

a front packet transmittihg step of transmitting, to
a switched access router, a front packet included in the
Plurality of packets buffered in packet accumulating means
during a disconnection period when the mobile node switches

the access router to be connected thereto; and
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a subsequent packet transmitting step of allowing the
mobile node to transmit the remaining packet included in
the plurality of packets to the switched access router after
a lapse of a second time period starting from a time point
of transmission of the front packet in the front packet
transmitting step. |

3. A packet communication method for allowing a
control node to sequentially transmit apluralityof packets
to a.mobile node which switches an access router. to be
connected thereto though a router at an interval within a
first time period, the method comprising: |

a front packet transmitting step of allowing the
control node to transmit, to the mobile node, a front packet
included in the plu;ality of packéts buffered in packet
accumulating means in response to a buffering request from
the mobile node, the front i)acket being transmitted in
response to abuffering release request fromthe mobile node;
and |

a subsequent packet transmitting step of allowing the
control node to transmit the remaining packet inclﬁded in
the plurality of packets to the mobile node after a lapse
of a second time period starting from a time point of

transmission of the front packet in the front packet

transmitting step.
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